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Marked Up Copy of Previous Claims 3, 4, 6-9, 12, 13, and 15-22 

Atty. Dkt. No. 
33093M006 

3. (Amended) A method for drying substrate as set forth in claim 1 [or claim 
2], wherein the method determines an introduction direction of the drying fluid into the 
processing vessel and determines an introduction initial speed of the drying fluid so as to 
expand the drying fluid up to the entire width of the substrates on the fluid surface of the 
cleaning fluid. 

4. (Amended) A method for drying substrate as set forth in [one of claims] 
claim 1 [to 3], wherein the method supplies inert gas into the processing vessel following 

^fl exhausting of the cleaning fluid from the processing vessel. 

W 6. (Amended) A method for drying substrate as set forth in [one of claims] 

claim 1 [to 4], wherein the method changes supporting position of the substrates 

r" following exhausting of the cleaning fluid from the processing vessel. 

bj 7. (Amended) A method for drying substrate as set forth in claim 4 [or claim 

\Ti 5], wherein the method makes the interior of the processing vessel to be inert gas 

environment prior to exhausting of the cleaning fluid from the processing vessel. 

8. (Amended) A method for drying substrate as set forth in [one of claims] 
claim 1 [to 7], wherein the method carries out the cleaning process and the following 
drying processing under a room temperature. 

9. (Amended) A method for drying substrate as set forth in [one of claims] 
claim 1 [to 8], wherein the method flows the drying fluid by the pressure of inert gas 
which is supplied to the nozzle. 

12. (Amended) A device for drying substrate as set forth in claim 10 [or claim 
11], wherein the drying fluid supplying means is a means for determining an introduction 
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direction of the drying fluid into the processing vessel and determines an introduction 
initial speed of the drying fluid so as to expand the drying fluid up to the entire width of 
the substrates on the fluid surface of the cleaning fluid. 

13. (Amended) A device for drying substrate as set forth in [one of claims] 
claim 10 [to 12], further comprising insert gas supplying means for supplying inert gas 
into the processing vessel following exhausting of the cleaning fluid from the processing 
vessel. 

15. (Amended) A device for drying substrate as set forth in [one of claims] 
claim 10 [to 14], wherein the supporting means is a means having a cleaning fluid 
introduction groove which follows in lower ward direction with respect to the substrate 
supporting section. 

16. (Amended) A device for drying substrate as set forth in [one of claims] 
claim 10 [to 15], wherein the supporting means is a pair of supporting means for 
selectively supporting different positions of the substrates which positions are different 
from one another, and further comprising supporting position control means for changing 
the supporting position of the substrates by the supporting means following exhausting of 
the cleaning fluid from the processing vessel. 

17. (Amended) A device for drying substrate as set forth in claim 13 [or claim 
14], further comprising environment determination means for making the interior of the 
processing vessel to be inert gas environment prior to exhausting of the cleaning fluid 
from the processing vessel. 

1 8. (Amended) A device for drying substrate as set forth in [one of claims] 
claim 10 [to 13, and claims 15 to 17], further comprises nozzle position control means for 



2 



moving the nozzle towards the substrates following exhausting of the cleaning fluid from 
the processing vessel 

1 9. (Amended) A device for drying substrate as set forth in [one of claims] 
claim 10 [to 18], further comprising circulation means for circulating the drying fluid 
when ejection is not carried out. 

20. (Amended) A device for drying substrate as set forth in [one of claims] 
claim 10 [to 19], wherein a number of nozzles is determined in response to [response to] 
the size of the substrate and the pitch of the substrates. 

21. (Amended) A device for drying substrate as set forth in [claims] claim 10 
[to 20], wherein the nozzle has drying fluid ejection holes a number of which is greater 
than the number of the substrates by 1 which substrates are dried simultaneously. 

22. (Amended) A device for drying substrate as set forth in [claims] claim 10 
[to 21], further comprising inert gas supplying means for supplying inert gas to the nozzle 
so as to flow the drying fluid by the pressure of inert gas. 



Amended Claims 3, 4, 6-9, 12, 13, and 15-22 

Atty. Dkt. No. 
33093M006 

3. (Amended) A method for drying substrate as set forth in claim 1 , wherein 
the method determines an introduction direction of the drying fluid into the processing 
vessel and determines an introduction initial speed of the drying fluid so as to expand the 
drying fluid up to the entire width of the substrates on the fluid surface of the cleaning 
fluid. 

4. (Amended) A method for drying substrate as set forth in claim 1 , wherein 
the method supplies inert gas into the processing vessel following exhausting of the 
cleaning fluid from the processing vessel. 

J 6. (Amended) A method for drying substrate as set fi>rth in claim 1 , wherein 

K the method changes supporting position of the substrates following exhausting of the 

;^ cleaning fluid from the processing vessel. 

% (Amended) A method for drying substrate as set forth in claim 4, wherein 

■fj the method makes the interior of the processing vessel to be inert gas environment prior 

to exhausting of the cleaning fluid from the processing vessel. 

8, (Amended) A method for drying substrate as set forth in claim 1, wherein 
the method carries out the cleaning process and the following drying processing under a 
room temperature. 

9. (Amended) A method for drying substrate as set forth in claim 1 , wherein 
the method flows the drying fluid by the pressure of inert gas which is supplied to the 
nozzle. 

12. (Amended) A device for drying substrate as set forth in claim 10, wherein 
the drying fluid supplying means is a means for determining an introduction direction of 



the drying fluid into the processing vessel and determines an introduction initial speed of 
the drying fluid so as to expand the drying fluid up to the entire width of the substrates on 
the fluid surface of the cleaning fluid. 

13. (Amended) A device for drying substrate as set forth in claim 10, further 
comprising insert gas supplying means for supplying inert gas into the processing vessel 
following exhausting of the cleaning fluid from the processing vessel. 

1 5. (Amended) A device for drying substrate as set forth in claim 10, wherein 
the supporting means is a means having a cleaning fluid introduction groove which 
follows in lower ward direction with respect to the substrate supporting section. 

16. (Amended) A device for drying substrate as set forth in claim 10, wherein 
the supporting means is a pair of supporting means for selectively supporting different 
positions of the substrates which positions are different from one another, and further 
comprising supporting position control means for changing the supporting position of the 
substrates by the supporting means following exhausting of the cleaning fluid from the 
processing vessel. 

17. (Amended) A device for drying substrate as set forth in claim 13, further 
comprising environment determination means for making the interior of the processing 
vessel to be inert gas environment prior to exhausting of the cleaning fluid from the 
processing vessel, 

1 8. (Amended) A device for drying substrate as set forth in claim 10, further 
comprises nozzle position control means for moving the nozzle towards the substrates 
following exhausting of the cleaning fluid from the processing vessel. 



19. (Amended) A device for drying substrate as set forth in claim 10, further 
comprising circulation means for circulating the drying fluid when ejection is not carried 
out. 

20. (Amended) A device for drying substrate as set forth in claim 10, wherein 
a number of nozzles is determined in response to the size of the substrate and the pitch of 
the substrates. 

21 . (Amended) A device for drying substrate as set forth in claim 1 0, wherein 
the nozzle has drying fluid ejection holes a number of which is greater than the number of 
the substrates by 1 which substrates are dried simultaneously. 

22. (Amended) A device for drying substrate as set forth in claim 10, further 
comprising inert gas supplying means for supplying inert gas to the nozzle so as to flow 
the drying fluid by the pressure of inert gas. 
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Specificalion 

Method aiid Device for Drying Substrate 
Technical Field ' • " 

The present iuvention relaff-s to a method and device for 
drying substrates. More particularly, the present iuvenliun relates 
to a method and device for rapidly drying substrates which are 
cleaned using cleaning fluid. 

Related Art 

From the past, a device having an arrangement which is 
illustrated in Japanese Patent Publication Gazette No. Hei 6- 
103686, TT.S. Patent No. 5,964,958 and others is proposed as a 
device for drying substrates (for example, semiconductor wafer or " 
the like) after cleaning of the substrates using cleaning fluid, by 
relatively lowering the fluid face of tiie cleaning fluid with respect 
to the subslrales and hy supplying drying fluid vapor {for exajoiple, 
isopropyl alcohol (hereinafter referred to as IPA) vapor or the like } . 

When the device is employed, a plurality of substrate housed 
within a processing vessel is cleaned using llie cleaning fluid, then 
the drying fluid vayur is introduced within the processing vessel 
and the fluid face of the cleaning fluid is lo'wcred, both operations 
arc carried out simultaneously, so that a thin fluid layer of drying 
fluid is generated on the fluid face of the cleaning fluid. 
Conscquenfly. the surface nf each substrate is rapidly dried using 
MARANGONI effect. 

When the device having the arrangement illustrated in 
Japanese Patent Publication Gazette No. Hei 6-103686 is 
employed, not only an introducing passage for introducing drying 
vapor but also a relief valve (exhaust opening) for exhausting 
drying vapor are needed for forming a flowing passage of drying 
vapor within the processing vessel so that the aixangement 
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becomes complicated and That a dangerous condition is realized in 
which the dr5dng vapor leak within a factory. 

Further, when rhe device is applied for drying a plurality of 
semiconductor wafer, the semiconductor wafer is enlarged in size, 
and an interval of semicbnrinctor wafer is deceased for increasing 
a number of semiconductor wafer which are processed 
siiuullaneously, in recent years. Under 55uch condirion, a 
disadvantage arises in that intruding of the drying vapor between 
semiconduclor wafers becomes difficult so as to generate a drying 
mark on the semiconductor wafers. 

Fmthermore, when each substrate such an a .«!emicondnctor 
wafer has a pattern having a thickness to some degree, the 
thickness of the fluid layer of diying fluid should be increased to 
some degree for sufficiently and rapidly drying within inner 
section (concave section) of the pallem. But, il is difficult to 
increase the thickness of the fluid layer of drying fluid sufficiently 
in the entiie smface of the substrates. Tlicrefore, the inner secTion 
of the pattern cannot be dried sufticiently so that cleaning fluid 
remains on the surface of the subsLiates. hi oilier wonh. The device 
cannot deal sufficiently for the substrates having a higher aspect 
ratio. 

The present invention was made iii view of ihc above 
problems. 

It is an object of the present invention to offer a method and 
device for drying substrate in whicH an exhaust equipment is 
eliminated or simplified and for smootlily supplying drying fluid 
and for sufficiently increasing a thickness of a fluid layer of drying 
fluid. 

Disclosure of the Invention 

A method for drying substrate of claim 1 houses subsh-ales 
within a processing vessel, and dries a surface of each substrate by 
relatively lowering a fluid face of cleaning fluid witliin a 



processing vessel with respect to the substrate and by introduciug 
the cleaning fluid within the processing vessftL the method 
coTTiprises the steps of, 

Introducing drying fluid under a liquid condition within the 
pnx;essmg vessel, and ' ^ 

Forming liquid drops of diyiiig fluid and supplying the liquid 
diops onto The fluid face of the cleaning fluid using a nozzle. 

Wherein, the liquid drop is prefei-able to have a diameter 
which is greater than 100 /z m and equal to or less than 1 mm. The 
liquid drop is more preferable to have a diameter which is greater 
than 100 At m and equal to or less than 200 m. 

A merhod for drying substrate of claim 2 houses the 
substrates within the processing vessel in an inclined condition by 
a predclermined angle, and supplies the liquid drops of drying fluid 
using the nozzle in a direction which is die same direction of the 
inclined substrates. 

Wherein, the inclination angle is preferable to he greater than ' 
0° and equal to or less than 30' . The inclination angle is more 
preferable to be equal to or greater than 3 ° and equal to or less 
than 5" 

A method for drying substrate of claim 3 determines an 
introduction direction of the drying f?.uid into the processing vessel 
and detf.rmines an introduction initial speed of the drying fluid so 
as to expand the drying fluid up to the entire width of -the 
sohsrrates on the fluid surface of the cleaning fluid. 

Wherein, the introduction initial speed is preferable to be 
equal to or greater than 10 m/sec and equal to or less than 330 
m/sec. The introduction Inidal speed is more preferable to be 
equal to or greater than 50 m/sec and equal to or less lhaii 150 
m/sec. 

A. method for drying substrate of claim 4 supplies inert gas 
into the processing vessel following exhausting of the cleaning 
fluid from the processing vessel. ° 
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A method for drying substrate of claim 5 increases the 
supplying quantity of the drying fluid and/or the inert gas into the 
processing vessel following exhattsting of the cleaning fluid from 
tiie processing vessel. 

A taethod for drying* substrate of claim 6 changes supporting 
position of the substrates follo wing exhan^iring of the cleaning 
fluid from the processing vesseL 

A method for drying substi'ate of claim 7 makes the interior 
of the processing vessel to be inert gas environment prior to 
exhausting of the cleaning fluid from the processing vesseL 

A method for drying substrate of claim 8 carries out the 
cleaning process and the following drying processing under a room 
temperature, 

A method for drying substrate of claim 9 flows the drying 
fluid by the pressure of inert gas which is supplied to the nozzle. 

A device for drying substrate of claim 10 supports s\ihstrates 
within a processing vessel by supporting means, and dries a 
surface of each substrate by relatively loweiiiig a fluid face of 
cleaning fluid widiiu a processing vessel with respect to the 
substrate and by introducing the cleaning fluid witlmi the 
processing vesseL the device comprises, 

fhying fluid supplying means for introducing diying fluid, 
under a liquid condition wiLhin the processing vessel, for forming 
liquid drops of drying fluid using a nozzle, and for supplying the 
liquid drops of drying fluid onto the fluid face of the cleaning fluid 
using a nozzle. 

Wherein, the liquid diop is preferable to have a diameter 
which is greater than ICK) (i m and equal to or less than 1 nam. The 
liquid drop is more preferable to have a diameter which is greater 
than 100 {i m and equal to or less than 200 ju m, 

A device for drying substrate of claim 11, wherein the 
supporting means is die means for supporting the substrates within 
die processing vessel in an inclined condition by a predetermined 
angle, and die nozzle is a nozzle for supplying the liquid drops of 
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drying fluid using the nozzle in a direction which is the saiue 
direction of the inclined substrates. 

Wherein, the inclination angle is preferable to be 
greater than 0° aad equal to or lass than 30" . The inclination 
angle is more preferable to be equal to or greate-r than 3' and 
equal to or less than 5' 

A device for drying substrate of claim 12, wherein the drying 
fluid supplying means is a means for determining an introduction 
direction of the drying fluid into the processing vessel and 
determines an introduction initial speed of tlie drying fluid, so as to 
expand the drying fluid up to the entire width of the substrates on 
the fluid surface of the cleaning fluid. 

Wherein, the introduction initial speed is preferable to 
be equal to or greater than 10 m/scc and equal to or less than 330 
id/scc. The introduction initial speed is more preferable to be 
ftqual to or greater than 50 m/sec and equal to or less than 1 50 
m/scc. 

A device for drying substrate of claim 13 further comprises 
inert gas supplying means for supplying inert gas into the 
processing vessel following exhausting of the cleaning fluid from 
the processiag vessel. 

A device for drying substrate of claim 14 further comprises 
supplying quantity control means for increasing the supplying 
quantity of the drying fluid and/or the inert gas into the processing 
vessel foEowing exhausting of tlie cleaning fluid from the 
procesidiig vessel. 

A device for drying substrate of claim 15, whereiu the 
suppurdng means is a means having a cleaning fluid introducliun 
groove which follows in lower ward direction with respect to the 
substr ate supporting section. 

A device for drying substrate of claim 1 6, wherein the 
supporting means is a pair of supporting means for selectively 
supporting different positions of the substrates which positions are 
different from one another, and further comprises supporting 
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position control means for changing the supporting positiuii of the 
substrates by the suppoiliug means following exhaustmg of the 
clftaning fluid from the processing vessel. 

A device for drying subsliate of claim 17 further comprises 
environment determination' means for making the interior of the 
processing vessel to be inert gas environment prior to exhausting 
of (he cleaning fluid from the processing vessel. 

A device for drying substrate of claim 1 8 ftirther comprises 
nozide position control means for moving the nozzle towards the 
substrates following exhausting of the cleaning fluid from the 
pruccs.sing ve.s,sel. 

Wherein the movable extent of ihc nozzle by the nozzle 
position control means is preferable to be greater than 0 mm and 
equal to or less than 500 mm. The movable cAlent is more 
preferable lo be equal to or greater thm 25U tnm and equal to or 
less than '350 mm. 

A device for drying substrate of claim 19 further coniprising " 
circulation means for circulating the drying fluid when ejection is 
not carried out. 

A device for drying substrate of claim 20, v^hercin a number 
of nozzles is determined in response to response to the size of the 
snbsttate and the pitch of the substrates. 

A device for diyiutg substrate of claim 21, wherein the nozzle 
has drying fluid ejection holes a number of which is gi^ater than 
the number of the substfatcu by 1 which substrates are dried 
simultaneously. 

A device for drying substrate of claim 22 further comprises 
inert, gas supplying means for supplying inert gas to the nozzle so 
as to flow the drying fluid by die pressure of inert gas. 

When the method for dtying substrate of claim 1 is employed, 
the method houses substrates within the processing vessel, and 
dries the surface of each substrate by relatively lowexing the fluid 
face of cleaning flnid witbdn the processing vessel with respect to 



the substrate and by introducing the drying jGluid wiiliin the 
processing vesseL 

During this operation, the method forms liquid diups of 
drying fluid usiiig the nozzle, supplies the liquid drops of drying 
fluid onto the fluid face of &e cleaning fluid using a nozzle. 
Therefore, the liquid diups of drying fluid is smoothly introduced 
between die substrates due to the influence of dead weight of die 
liquid conditioned drying fluid so thai the drying fluid with high 
density with respect to the density of the vapor supplying so as to 
improve MARANGONI effeci. ConsftquenTly, a liquid layer of the 
drying fluid having a sufficient thickness is generated on the 
cleaning fluid so diat diyiiig of tlie substrates with greatly little 
drying mark is rapidly reahzed using MARANGONI effect 
Further, the thickness of the fluid layer of the drying fluid can be 
determined to be sufficiently great so that securely drying is 
performed up to the inner section (concave F^ecrion) of a pattem 
even when the substrate has the pattem, Consequcndy, the method ^ 
can deal with the high aspect ratio sub5> (rates and securely prevents 
die cleaning fluid from remaining on the surface of the substrates. 
Further, the drying fluid is supplied in a liquid drop condition, so 
that the entixeL)' or almost of The drying fluid is discharged with the 
cleaning fluid. Consequendy, leakage of the drying fluid is 
decreased up Lo nearly zero so that exhaust equipment is eliminated 
or is simplified. As a result, decrease in cost is realized. 

In this case, when the liquid drop of drying fluid has a 
diameter which is greater than 100 /x m and equal to or less than 1 
mm, the ;^bove operation is realized following the supplying of the 
liquid drops. The Hquid diop is more preferable to have a diameter 
which is greater than 100 fi m and equal to or less diaii 200 ;z m. 
Disadvantages; are prevented from occurrence such that the 
substrates are dried insufficiently due to shortage of supplying 
quantity of the dxying fluid, that the cleaning fluid jumps so that 
the cleaning fluid is adhered to the substrates, and that the nmning 
cost is increased due lo the increase of the drying fluid. 



When the method for drying substrate of claim 2 is employed 
the method houses the substrates withiii Ihe processing vessel in an 
inclined condition by a predetenmned angle, and supplies the 
liquid drops of drying fluid using the uo^c in a direction which is 
the same direction of the inclined substrates. Therefore, when each 
substrate has a pattern on one face and when the partem fomied 
face of a plurality of substrates are positLoned In the same side, 
exhausting of the cleaning fluid is easily performed which is 
. introduced within the inner section of the pattern so that more 
rapid and better drying is realized. 

Tn this case, when the inclination angle is greater than 0° 
and equal to ur less than ^0° , the above operation is realized. The 
incHnation angle is more preferable to be equal to or greater than 
V and equal to or less than 5' . Disadvantages arc prevented 
from occurrence such (hat the cleaning fluid within the inner 
section of the pattern is difficult to be exhausted, that die drying 
fluid is difficult to be supplied to rhe dipping boundary face, and 
That the cleaning fluid exhausted from the pattern drops onto the 
neighboring substrate. lu addidon, the above operation is realized. 

When the method for drying substrate of claim 3 is employed, 
the method determines an intioduction direction of the drying tluid 
into the processing vessel and determines an introduction initial 
speed of the drying fluid so as to expand the drying fluid up to the 
entiit width of the substrates on the fluid surface of the cleaning 
fluid. Therefore, even when the subsUales become enlarged in' 
diameter and/or when the interval between the substrates is 
decreased, the liquid drops of drying fluid are smoothly suppHed 
into the gap between the substrates and the hquid layer of tiie 
drying fluid is continuously formed on the liquid face of the 
cleaning fluid so that rapid drying of the substrates is realized 
without drying marks. Further, the density of the drying fluid is 
not needed to be raised too high and the temperature of the drying 
fluid is not needed to be raised too high, so tiiat the running cost is 
decreased. Also, though the drying fluid has explosiveness due to 



9 



the inflammabiiity of the drying fluid when the drying fluid is 
mixed with air, the explosiveuess can he snppressed so that safety 
ivS improved. 

In this case, when tiie introduction itJitial speed is equal to or 
greater than 10 m/sec and ejqual to or less than 330 m/sec, the 
above operation is realized. Tlie iiilroduction Initial speed is more 
pitjfcrable to be. equal to or greater than 50 m/sec and equal to or 
less than 150 m/scc. Disadvantages are prevented from occurrence 
such that the liquid drops of the drying fluid are not smoothly 
supplied to the gap between the sub&Uates, and That vibration of the 
liqiiid surface of the cleaning fluid or the like becomes greater, so 
that the speed of the liquid face becomes a speed which is 
substantially greater than the optimum speed of MARANGONI 
drying, consequently the cleaning fluid remains on the surface of 
the substiaLcs. 

When the mediod for drying substi-ate of claim 4 is employed, 
the method supplies inert gas into the processing vessel following " 
exhausting of the cleaning fluid firom the processing vessel. 
Therefore, the iiilcrior of the processing vessel becomes negative 
pressured condition following exhausting of tiae cleaning finid so 
that particles arc preveuled from intmding from the exterior. 

When the method for drying substrate of claim 5 is employed, .. 
the method increases the supplying quantity of the drying fluid 
aiid/or the inen gas into the processing vessel following exliausdng 
of the cleaning fluid from the processing vessel. Therefore, the 
liquid drops of the drying fluid are securely supplied to the liquid 
face of the cleaning fluid by increasing the supplying quantity 
following exhausting of the cleaning fluid so that the thickness of 
the liquid layer of the drying fluid on the cleaning fluid is 
continuously maintained to be equal to or greater than a 
predetermined thickness. 

When the method for drying substrate of claim 6 is employed, 
the method changes supporting position of the substrates following 
exhausting of (he cleaning fluid from the processing vessel. 
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Therefore, the supporting position of the substrates is also rapidly 
and securely dried. 

When the method for drying substrate of claim 7 is employed, 
the method makes the interior of the processing vessel to be inert 
gas environment prior to exhausting of the cleaning fluid from the 
processing vessel. Therefore, generation of water mark on the 
surface of the substrate Is greatly suppressed. 

When the method for drying substrate of claim 8 is employed, 
the method carries uuL the cleaning process and the following 
drying processing imder a room temperature. Therefore, heating 
process is not needed at all, so that simplification in arrangement in 
entire system is realized and that safety is improved. 

When the method fur diying substrate of claim 9 is employed, 
the method flows the drying fluid by the pressure of inert gas 
which is suppHcd to the nuzzle. Therefore, driving section for 
supplying the drying fluid is not needed at all, and cleanness is 
improved by prcventiiig parLicles from mixing and intruding. 

When the device for drying substrate of claim 10 is employed, 
die device siippons substrates within a processing vessel by 
supporting means, and dries a surface of each substrate by 
relatively lowering a fluid face of cleaning fluid within a 
processing vessel with respect to the substrate and by introducing 
the cleaning fluid vnThm the processing vessel. 

During this operation, the device forms liquid drops of drying 
fluid using die nuzzle, supplies the liquid drops of drying fluid 
onto the fluid face of the cleamng fluid using a uuzzle by the 
drying fluid supplying means, 

Therefore, the liquid drops of drying fluid is smoothly 
introduced between the substrates due to the influence of dead 
weight of the hquid conditioned drying fluid so that the drying 
fluid with high density with respect to the density of the vapor 
supplying so as to improve MARANGONI effect Consequently, a 
Hquid layer of the drying fluid having a sufficient thickness is 
generatftd on the cleaning fluid so that drying of the substrates with 
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greatly Htrle drying mark is rapidly realized using MARANGONI 
ejttect. Further, the thickness of the fluid layer of rhe drying fluid 
can be dfttermined to be sufficiently great so that securcly drying is 
performed up to the inner section (concave section) of a pattern 
even when the substrate haS the pattern. Consequently, lie method 
can deal with the high aspect ratio substrates and securely prevents 
Ihc cleaning fluid from remaiimig on the surface of the substrates. 
Further, the drying fluid is supplied in a liquid drop condition, so 
lhal die entirety or almost of the drying fluid is discharged with the 
cleaning fluid. Conscquendy. leakage of ihc drying fluid is 
decreased up to nearly zero so that exhaust equipment is eliminated 
or is simplified. As a result, decrease in cost is realized. 

In this case, when the liquid drop of drying fluid has a 
diameter which is greater diau 100 //. m and equal to or less than 1 
mm, the above operation is realized following the supplying of die 
liquid drops. The liquid dtop is more preferable to have a diameter 
which is greater than 100 /z m and equal to or less dian 200 /i m. 
Disadvaulages are prevented from occurrence such that the 
substrates are dried insufficicndy due to shoitage of supplying 
quantity of the drying fluid, that the cleaning fluid jumps so that 
the cleaning fluid is adhered to the substrates, and ihaL ihe ninning 
cost is increased due to the increase of the drying fluid. 

When the device for drying substrate of claim 1 1 is employed, 
the device employs the supporting means which supports the 
substrates within the processing vessel in an inclined condition by 
a predetermined angle, and the device employs the nozzle which 
supplies the liquid drops of drying fluid using the nozzle in a 
direction which is die same direction of the inclined substrates. 

Therefore, when each substrate has a pattern on one face and 
when the pattern formed face of a plurality of substrates are 
positioned In the same side, exhausting of the cleaniug fluid is 
easily performed which is introduced within The inner section of 
die pattern so that more rapid and better drying is realized. 
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In this case, when the iiicliualion angle is greater than 0* 
and equal to or less than 30" . the above opeiatiou is realized. Tlie 
inclination angle is more preferable to be equal to or greater than 
3" and equal to or less^ian 5' . Disadvantages are prevented 
from occurrence such that the cleaning fluid witihin the inacr 
section of the pallern is difficult to be exhausted, that the drying 
fluid is difficult to be supplied to the dipping boundary face, aud 
that the cleaning fluid exhausted from the pattern drops onto the 
neighboring substrate, in addition, the above operation is realized. 

When die device lor drying substrate of claim 12 is employed, 
the device employs the drying fluid supplying means which 
determines an introduction direction of the drying fluid into the 
processing vessel and determines an introduction initial speed of 
the drying fluid so as to expand the drying fluid up to the entire 
width of the substrates on the fluid surface of the cleaning fluid. 

Therefore, even when the substrates become enlarged in 
diameter and/or when the interval between the substrates is 
decreased, the liquid drops of drying fluid are smoothly supplied 
into tlic gap betwe^.n liie substrates and the liquid layer of the 
drying fluid is continuously formed on the liquid face of the 
cleaning fluid so that rapid drying of the substrates is realized 
without drying marks. Further, the density of die drying fluid is 
not needed to be raised too high and the temperature of the drying 
fluid is not needed to be raised too high, so that the imuiing cOvSt. is 
decreased. Also, though the drying fluid has explosiveness due to 
the inflammability of the drying fluid when the drying Quid is 
mixed with air, the exploisivenesR can be suppressed so that safety 
is improved. 

In this case, when the inrrndnction initial speed is equal 
TO or greater than iO ro/sec and equal to or less than 330 m/sec, ihe 
above operation is realized. The inrroduction initial speed is more 
preferable to be equal to or greater than 50 m/sec and equal to or 
less than 150 m/sec. DisadvauLages are prevented from occurrence 
such that the liquid drops of the drying fluid arc not smoothly 
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supplied to the gap between the substrates, and that vibration of llie 
liquid surface of the cleaning fluid or the like becomes greater, so 
that the speed of the liquid face becomes a speed which is 
substantially greater than the opdmum speed of MARANGONl 
dTy^ng, consequently the cleaning fluid remains on the surface of 
die substrates. 

When the device for drying substrate of claim 13 is employed, 
the device further comprises ineiL gas supplying means for 
supplying inert gas into the processing vessel following exhausting 
of the cleaning fluid from the processing vessel . Therefore, the 
iiilcrior of the processing vessel becomes negative pressured 
condition following exhausting of die cleaning fluid so that 
pailicles are prevented from intruding from the exterior. 

When the device for drying substi-ate of claim 1 4 is employed, 
the device further comprises supplying quantity control means for 
increasing the supplying quantity of the drying fluid and/or the 
inert gas into Ihc processing vessel following exhausting of the 
cleaning fluid jirom the processing vessel. Therefore, the liquid 
drops of the diying fluid are semreiy supplied to the hquid face of 
the cleaning fluid by increasing the supplying quantity following 
exhausting of the cleaning fluid so that the thickness of the liquid 
layer of the drying fluid on the cleaning fluid is continuoasly 
maintained to be equal to or greater than a predetermined thickness. 

When the device for drying substrate of claim 15 is employed, 
the device employs the supporting means which have a cleaning 
fluid introduction groove which follows in lower ward direction 
with respect to the substrate suppoiliiig section. Therefore, 
diainage of rhe^ cleaning fluid at the substrate supporting section is 
improved. 

When the device for drying substrate of claim 16 is employed, 
the device employs a pair of supporliiig means for selectively 
suppordiig different positions of the substrates which positions are 
different from one aaothcr, and the device further comprises 
supporting position control means for changing the supporting 
position of the substrates by the supporting means following 
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exhausting of the cleamng fluid from the procetismg vessel . 
Therefore, the supporting position of the substrate is also dried 
rapidly and securely. 

When die device for drying substrate of claim 17 is employed, 
the device further coniprises cnviromncnt determinaliuii means for 
making the iuleriur of the processing vessel to be inert gas 
enviromnent prior to exhausting of the cleamng fluid &om the 
processing vessel. Therefore, generation of water mark on the 
surface of the substrate is greatly suppressed. 

When the device for drying substrate of claim 18 is employed, 
the device further comprises nozzle position control means for 
moving the nozzle towai'ds Lhe substrates following exhausting of 
the cleaning fluid from the processing vessel. Therefore, the 
drying fluid with sufficient quantity is supplied onto the liquid face 
of the cleaning fluid without changing the introduction initial 
speed and the introduction flowing quantity of the liquid drops of 
the drying fluid , 

In this case, the movable extent of Lhe nozzle by the nozzle 
position control means is preferable to be greater than 0 mm and 
equal to or less than 500 mm so that the above operation is realized. 
The movable cAlcnt is more preferable to be equal to or greater 
than 250 mm and equal to or less than 350 mm. Disadvantages are 
prevented from occuirence snch that the drying fluid does not 
intrude to the gap between the substrates, and that vibration of the 
liquid surface of the cleaning fluid, or the like becomes greater, so 
thai, the speed of the Hquid face becomes a speed which is 
substantially greater than Qie optimum speed of MARANGONI 
drying, consequentiy the cleaning fluid remains on the siuf ace of 
the substrates. 

When the device for drying substrate of claim 19 is employed, 
the device further comprising circulation means for circulating the 
drying fluid when ejection is not carried out. Therefore, lhe 
pressure of the space in wliich the drying fluid exists is always 
determined to be greater than the pressure in exterior so as to 
prevent particles from intmding irom exterior, and the usage 
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quantity of the drying fluid is reduced so as to decrease die ruuiiing 
cost. 

When the device for drying substrate of claim 20 is employed, 
the device cruploys the aoiAcs a numher of which is determined in 
response to response to the-size of the substrate and the pitch of die 
substrates. Therefore, umformly drying is rftalized on the entire 
face of the substrate.. 

"When the device for drying substrate of claim. 21 is employed, 
the device employs the nozzle which has drying fluid ejection 
holes a number of which is greater ihan the number of the 
substrates by 1 which substrates are dried sunultancousiy. 
Iherefore, liquid drops of the drying fluid are supplied to every 
gap between the substrates and the outer side of the substrates 
which are positioned at both ends so as to diy the entire surface of 
each subsnate rapidly and imiformly (without generation of water 
mark). 

When the device for drying substrate of claim 22 is employed/ 
the device further comprises inert gas supplying means for 
supplying inert gas to die no7.7le so as to flow the drying fluid by 
the pressure of inert gas. Therefore, driving section fur supplying 
the drying fluid is not needed at all, and cleanness is improved by 
preventing particleg from mixing and intruding. 

Brief Description of the Drawings 

Figure 1 is a schematic diagram illustrating an arrangemeuL 
of a substrate processing appaiatus of an example in which a 
device for drying substrate according to the present invention is 
apphed; 

Figure 2 is an enlarged cross sectional view illustrating an 
arrangement of a first substrate supporting section; 

Figure 3 is a schematic diagram illustrating a main section of 
a substrate processing apparatus of another example; 

Figuie 4 is a schematic diagram illustrating a main section of 
a substrate processing apparatas of a ftuther example; 



Figure 5 is a schematic diagram illustratmg a main section of 
a substrate processiug apparanis of a yet example; 

Figure 6 is a schematic diagram illustrating a main section of 
a substrate processing apparatus of yet another example; 

Figure 7 is a schematic diagram illustrating a fluid nozzle for 
drying under a downwaid moved condition; 

Figure 8 is a schematic diagram illustrating a main section of 
a substrate processing appaialus of a yet further example; 

Figure 9 is a schematic cross sectional view illustrating a 
cleaning fluid decreased condition; 

Figure 10 is a schematic cross sectional view illustrating a 
substrate transferring condition; 

Figure 11 is a schematic vertical cross sectional view 
illustrating a condition after the subslrdte has transferred; 

Figure 1 2 is a schematic diagram illustrating a main section 
of a substrate processing apparatus of a further example; 

Figure 13 is an enlarged cross sectional view of a substrate 
which is apphed to the substrate processing apparatus illustrated in 
Fig. 12: and 

Figure 14 is a schematic diagram illustrating a main section 
of a substrate processing apparatus of a yet further example. 

Best Mode for Carrying Out the Invention 

Hereinafter, referring lo the attache-d drawings, we explain a 
method and device for dr3nuig substrate of an embodiment 
according to the present invention in derail. 

Fig. 1 is a schematic diagram illustrating an arrangement of a 
substrate processing appaiatus of an example in which a device for 
drying substrate according to the present invention is applied. . 

This substrate processing apparatus comprises a processing 
vessel 2 for housing a predetermined number of substrates 1 such 
as semiconductor wafer or the like which substrates i stand in 
parallel to one another, a first substrate supporting section 3 for 
supporting the substrates 1 witliin Ihe processing vessel 2, a 
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processing fluid supplying section 4 for supplying prucessing fluid 
(for example, pure water, dfionized water, deoxidized water or the 
like xvhen cleaning processing is carried out) 11 into the processing 
vessel 2 which processing fluid 11 is used for performing 
processinig such as cleaning processing or the like for the substrates 
1. an exhausting section 5 for exhausting the processing fluid 1 1 
from the processing vessel 2, and a drying fluid supplying secliun 
6 for supplying liquid drops 12 of drying fluid into the processing 
vessel 2 which drying fluid is used for performing drying 
processing for the substiales 1. The apparatus further comprises a 
control section 10 such as micro computer or the like which 
controls the operation of the piucessing fluid supplying section 4, 
the exhansTing section 5, and the drying fluid supplying section 6. 

The first substrate supporting section 3 has a main body 
member 3a and a plurality of supporting groove 3b having a cross 
sectional V shape formed on the upper face of the main body 
member 3a, as is illustrated in Fig. 2. it is preferable that a slit 3c 
is further provided which elongates downward from The bottom 
section of each supporting groove 3b so as to improve drainage. It 
is more preferable liat a round hole 3d is provided which is 
connected to the bollom section of the slit 3c so as to further 
improve drainage. 

The processing fluid supplying section 4 has a processing 
fluid tank 4a, a processing fluid supplying pipe 4b for guiding the 
processing fluid 1 1 out from the processing fluid tank 4a, an open 
and close valve 4c and a pump 4f each provided at a piudetermined 
position of the processing fluid supplying pipe 4b, a processing 
fluid nozzle 4d for blowing the processing fluid 1 1 into the 
processing vessel 2 which processing fluid 1 1 is supplied through 
the processing fluid supplying pipe 4b, and a regulation plate 4e 
for regulating the processing fluid 1 1 injected from the processing 
fluid nozzle 4d and for supplying the processing fluid 11 towards 
the substrates 1 housed within Ihc processing vessel 2. 

The exhausting section 5 has an exhausting pipe 5a provided 
at a predetermined position of tlic bottom section of the processing 
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vessel 2, an open and close valve 5b provided at a piedelermined 
position of tbe exliausting pipe 5a, and a waste tank 5c for housing 
the. processing fluid exhausted through the exhausting pipe 5 a. 

The drying fluid supplying sftction 6 has a drying fluid tank 
6a for housing the drying fluid (fluid having a surface tension 
which is smaller than that of the prncessing fluid) made of 
substantially non-reactive hquid such as isopropyl alcohol (IP A), 
etiiyl alcohol, methyl alcohol, lelrahydroftiran, acetone, 
pcrflnorohexane, hexane or the like, a drying fluid supplying pipe 
6b for guiding the drying fluid from the drying fluid tank 6a, an 
open and close valve 6c and a pump 6e each provided at a 
predetermined position of the drying fluid supplying pipe 6b, and a 
di'yiiig fluid nozzle 6d for blowing the drying fluid as Hquid drops 
into the processing vessel 2 which drying fluid is supplied through 
the diyiiig fluid supplying pipe 6b. Ihe drying fluid nozzle 6d is 
sufficient that diameter of each liquid drop blowing opening and 
the like aie determined so as to form the liquid drops 12 each has a 
diameter which is .greater than 100 //. m and equal to or less than 1 
mm. The drying fluid nozzle 6d is preferable that diameter of each 
liquid drop blowing opening and the like are detennined so as to 
form the liquid drops 12 each has a diameter which is greater than 
100 IX m and equal to or less than 200 fi m. When the diameter of 
each liquid drop is determined in such mamier, disadvantages are 
prevented from occurrence snch that the substrates are dried 
insufficientiy due to shortage of supplying quantity of Ihe diying 
fluid, that the cleauiug fluid jumps so that the cleaning fluid is 
adhered to the substrates, and that the running cost is increai?ed dne 
to the increase of die drying fluid. Further, the drying fluid nozzle 
6d is sufficient that inner diameter of the drying fluid noz/.le 6d, 
diameter of each, liquid drop blowing opening and the Kks are 
dp.tennined so as to determine the blowing speed of the liquid 
drops 12 to be equal to or greater than 10 m/sec and equal to or 
less than 330 m/sec. The drying fluid nozzle 6d is preferable that 
inner diameter of the dryiiig fluid nozzle 6d, diameter of each 
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Uqmd drop blowing opening and the like are detoruuined so a.«5 to 
determine the blowixig speed of the liquid drops 12 to be equal to 
or greater than 120 m/scc and equal to or less than 220 ii m. 
Wlien the blowing speed of the liquid drops is determined in such 
manner, disadvantages are i)revented Irom occurrftnce such that the 
liquid drops of the drying fluid are not smoothly supplied to the 
gap between the substrates, and that vibiaiion of the liquid surface 
of the cleaning fluid or die like becomes greater, so that the speed 
of the liquid face becomes a speed which is substantially greater 
than the oylimuin speed of MARANGONl drying, consequently 
the cleaning fluid remains on the surface of Ihc substrates. 
Furdicrmoie, the drying fluid nozzle 6d is sufficient tihat inner 
diameter of the drying fluid nozzle 6d and otliers aic determined so 
as to detennine the flowing quantity of the drying fluid to be equal 
to or greater than 0.1 cc/min and equal to or less than 20 cc/min. 
The drying fluid nozzle 6d is preferable fliat inner diameter of the 
drying fluid nozzle 6d and the like are determined so as Lu 
detennine the flowing quantity of the drying fluid to be equal to or 
greater than 0.5 cc/min and equal to or less than 2 cc/min. 
Furthermore, tiie distance between the drying fluid nozzle 6d and 
the substrate 1 is sufficient to be greater dian 0 mm and equal Lo or 
less than 500 mm. The distaiice between the drying fluid nozzle 
6d and the substrate 1 is preferable to be equal to or greater than 50 
mm and equal to or loss riian 150 mm. When the distance between 
the dxying fluid nozzle 6d and the substrate 1 is determined in such 
manner, disadvantages are prevented from occurrence such that the 
liquid diops of the drying fluid are not smoothly supplied to the 
gap between the substrates, and that vibration of the liquid surface 
of the cleaning fluid or the like becomes greater, so that the speed 
of the liquid face becomes a speed which i.s substantially greater 
than die optknum speed of MARANXiONI drying, consequently 
the cleaning fluid remains on the surface of the substrates. In the 
above embodiment, instead the pump 6e, it is possible that inert 
gas is supplied to the drying fluid nozzle 6d so as to suck, the 
drying fluid through the drying fluid supplying pipe 6b and to blow 
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the sucked diying flmd as the liquid drops with the inert gas. lu 
this case, generation of particles due Lo (he driving section of the 
pump 6e is prevftnted from occurrence. 

I'he drying fluid nozzic 6d is preferable to be made of 
chemical resistance, maieiiiil such as fluorine contained polymers 
{preferably, PFA, PCTFE, PEEK (polyeOieretherlcetone)). Biting 
is prevented even in hydroflnoric acid environment. 

Operation of the substrate processing appara;tus having the 
above arrangemeul is as follows. 

First the open and close valves 5b and 60 are closed, the 
open and close valve 4c is opened, and the pump Ai is driven by 
The control section 10, In this condition, the prucessing fluid 11 is 
supplied to the processnig fluid nozzle 4d through the processing 
fluid pipe 4b from the processing fluid tank 4a, then ihe processing 
fluid is blown within the processireg vessel 2 from the processing 
IlLud nozzle 4d. The processing fluid 11 blown witliln the 
processing vessel 2 is regulated by the regulation plate Ae and is 
guided to the substrate housing space so that the processing for the 
surface of the substrates 1 (for example, cleaning processing or the 
like) is carried out. During this processing, the processing fluid 1 1 
overflowed from the processing vessel 2 is collected by a 
collection mechanism (not illustrated). Further, entire smface of 
all substrates 1 are processed almost uniformly by determimng the 
flowing speed uf the processing fluid 1 1 corresponding to the 
center of the substrate 1 to be the fastest speed. 

After the processing of the substrates 1 by the processing 
fluid 1 i has been finished, the open and close valve 4c is closed, 
the open and dose valves 5b and 6c are opened, and the pump 6c 
is driven by the control section 10. Under this condition, the 
processing fluid 11 is exhausted through the exhausting pipe 5a 
from the processing vessel 2 so that the hquid face of the 
processing fluid 11 gradually descends. At the same time, the 
drying fluid is supplied to the drying fluid uuzzle 6d through the 
drying fluid supplying pipe 6b from the drying fluid tank 6a and is 
blown as the liquid drops within the processing vessel 2 from the 
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drying flnid nozzle. 6d so that the liquid layer of the drying fluid is 
formed on the Kquid face of the pr ocessing fluid 1 1 . This liquid 
layer is rapidly formed to have a relatively thick thickness because 
the drying fluid is supplied under the liquid drop condition. In 
other vt'ords, when die drying fluid is supplied under the mist 
condition, the diameter is equal lu or less than 100 ;x m so that it is 
difficult to supply the drying fluid to the center section or lower 
section of the substrates 1 under the condition in which the interval 
between the substrates 1 is small. Consequcndy, it is difficult Lu 
increase the thickness of the liquid layer of the drying fluid. When 
this embodiment is employed, the drying fluid is supplied under 
the liquid drop condition so thai it is possible to supply the drying 
fluid to the center section or lower section of the substrates 1 under 
the condition ia which the inteiTal between The substrates 1 is 
small. Consequendy, it is possible to increase the thickness of the 
liquid layer of the drying fluid. As a result superior drying of the 
substrates 1 is realized. 

ITie substrates 1 are gradually eApused from the liquid face 
of the processing flnid 1 1 foUo^dng the gradually descending of 
the liquid face of the processing fluid 11. But, liquid layer of the 
drying fluid is formed on the exposed section of the substrates 1 so 
that the exposed section is rapidly and miiformly dried by the 
MARANGONI effect. 

Therefore, entire surface of the substrates 1 is rapidly and 
uitiformly dried by the MARANGONI effect, finally. Of course, 
the processing fluid 11 is prevented' from remaiuiiig on the surface 
of the substrates 1. 

The supported section among the surface of die substrates 1 
supported by the supporting groove 3b of the first substrate 
supporting section 3 contacts the first substrate supporliug section 
3 and very small space cAists beneath the substrates 1. Therefore, 
drying of this section may be insufficient (insufficient in drying 
degree, and required time for drying). Bnt, when a slit 3c is 
formed in continuous to the supporting groove 3b, and wheu a 
round hole 3d is fiirther formed corresponding to die necessity, 
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drainage of the processing fluid is improved by the slit 3c and the 
round hole 3d so that di cing of the section is sufficient 

When this embodiment is employed, the thickness of the 
liquid layer of the drying fluid can be detf^nnmed to be greater. 
Therefore, the liquid layet'of the drying fluid is formed up to the 
inner section (concave section) of the partem so as to rapidly and 
unifonnly dry the entire surface of the substrates 1 including the 
inner section of the pattern by the MARANGONT effect, even 
when the substrates 1 are employed which are formed the pattem 
on their surface. As a result, substrates having a high aspect ratio 
can be dealt. 

Further, the blowing speed of tlie hquid drops of the drying 
fluid is determined to be the above speed, the drying fluid is 
securely supplied onto the liquid face of llic proce.'^fiing fluid 1 1 so 
as to form die liquid layer of the drying fluid even when the 
interval between the substrates 1 is dctennined Lu be small. Of 
course, die liquid layer of the drying fluid is 'formed on the 
exposed portion of the substrates 1 from the liquid face of the=». 
processing fluid 11. 

Furthermore, it is preferable to carry out the above 
processing under the ruum temperatiure. In this case, heating 
devices are not needed so that the arrangement of the substrate 
processing apparatus can be simplified, and the safety is improved. 

Fig, 3 is a schematic diagram of a main portion of a subsUate 
processing apparatus of anodier example, while Fig. 4 is a 
schematic diagram of a main portion of a substrate processing 
apparatus of a further example. 

These substance processing apparatus are different from (he 
substrate processing appaialus illustraied in Fig. 1 only in the 
number of drying fluid nozzles 5d. SpecificaHy, the substrate 
processing apparatus illustrated in Fig- 3 hm two drying fluid 
nOiizles 6d, while the substrate processing apparatus illustrated in 
Big. A has three drying fluid nozzles 6d, 

When those examples are employed, entire surface of the 
substrates 1 are dried uniformly, even when the suh^itrates 1 
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becumCxS large In size and when the interval between the substrates 
1 becomes small. 

Fig. 5 is schematic diagram of a main portion of a substrate 
processing apparatus of a. yet example. 

This subsTrare procesMng apparatus is different from the 
above embodiment only in that an inert gas supplying section 7 is 
further provided which has an inert gas tank /a, an inert gas 
supplying pipe 7b for guiding inen gas such as uilrugen or the like 
from tlie inert gas Lank 7a, an open and close valve 7c and pump 7d 
each provided at a predetermined position of the kierl gas 
supplying pipe 7b, and an inert gas nozzle 7e for blowing the inert 
gas supplied through the inert gas supplying pipe 7b* The inert. g?js 
nozzle 7e can be uiiited with the drying fluid nozzle 6d. Further. 
The flowing quantity of the inert gas is sufficient to be greater than 
0 litcr/min and equal to or lesser fban 200 liter/ioin. The flowing 
quantity of the inert gas is preferable to be greater than 5 liter/min 
and equal to or lesser llian 20 liTer/mra. Finthermore, the inert gas 
j^npply section 7 is controlled by the control section 10. 

When this example is employed, disadvantage is prevented 
from occurrence in that the interior of the processing vessel 2 
becomes negative pressured condition wirh respect to the exterior 
so that particles intrude from the exterior, by supplying the inert 
gas within the processing vessel 2, 

Further, it is preferable that the flowing quantity of the liquid 
drops 12 of the drying fluid and/or tlie flowing quantity of the inert 
•gas axe increa/iefl when the processing fluid is exhausted. The 
liquid drops 12 of the drying fluid is securely supplied to the liquid 
face of the procefs.^ing fluid 11 so as to form the liquid layer of die 
drying fluid even when the liquid face of the processing face is 
descended. 

Furthermore, the interior of the processing vessel 2 can be 
made to be the inert gas environment prior to the exhausting of the 
processing fluid. In this case, generation of water marks on the 
substrates 1 is suppressed. 
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Fig. 6 is a schematic diagram of a main portion of a substiale 
processing apparatus of yet another examplft. 

This substrate processing apparatus is different from the 
above embodiment only in, that au elevation section 8 for moving 
the drying fluid nozzle 6d up and down. Wherein, well known 
moving to and fro mechanism such as im;! and pinion mechanism, 
piston mechanif5Tn, or the like is employed as the moving to and fro 
mechanism 8. And, the elevation distance is sufficient to be 
greater lhan 0 mm and equal to or less than 500 mm. The 
elevation distance is preferable to be equal lu or greaiftr than 250 
mm aiid equal to or less than 350 mm. Ihe elevation mechanism 8 
is also controlled by the control section 10. 

When this example is employed, the drying fluid nozzle 6d is 
descended when the processing fluid is exliausLed. Therefore, the 
liquid di-ops 12 of the drying fliud is securely supplied to the liquid 
face of the processing fluid 1 1 so as to form the liquid layer of the 
drying fluid even when the liquid face of the processing face is 
descended (refer to Fig. 7). 

Fig. 8 is a schematic diagram of a main portion of a substrate 
processing apparatus of a yet further example. 

This substrate processing apparatus has a processing vessel 2, 
an onter vessel 13 for surrounding the processing vessel 2 which 
outer vessel 13 can be sealed, a first supporting member 14 for 
supporting the substrates (for example, semiconductor wafers) 1 in 
a standing condition and for tiauspurting the substrates 1 to and 
fr om the processing vessel 2, and a second supporting member 15 
which can be moved up and down and can be. transport the 
subsiiat.es bfttween the first supporting member 14; Further, the 
reference numeral 2a represents a cieauing fluid exhaust pipe for 
exhausting the cleaning fluid (for example, pure water) from the 
processing vessel 2. 

The operation of the substrate processing apparatus having 
the above arrangement is as follows. 

When the cleaning of the substrates 1 has finished, the 
processing vessel 2 is filled with the cleaning fluid (for example. 
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pure water) md the sub/Jtrates I are supported by the first 
supporting member 14 m a natural condition and arc dipped within 
the cleaning fluid. In this condition, the substrates 1 are apart j&rom 
the second supporting member 15. Then, the dicing fluid (for 
example, isopropyl alcohol Vapor, mist or the jdke) is supplied 
within tihe outer vessel 13 through the cover body of ilic sealed 
outer vessel for diyiiig the cleaned substrates i, and the cleaning 
fluid is exhausted through the cleaning fluid exhausting pipe 2a 
fi:om the processing vessel 2. 

When this operation is carried out, the cleaning fluid is 
exchanged witib the diyiug fluid layer so as to perform rapid 
drying in the exposed portion of the substrates 1 from the cleaning 
fluid. 

When the exhausting of the cleaning fluid is continuously 
carried out, the liquid face of the cleaning fluid gradually descends. 
When the liquid face is positioned between the second supporting 
member 15 and the first supporting member 14, as is illustrated in ' 
Fig. 9, the second supporting membCT 15 is dried and the poition of 
the substrates 1 are also dried which are to be supported by the 
second supporting member 15. 

Then, the second supporting member 1 5 is moved upward so 
as to engage The substrates 1 (refer to fig. 10). Thereafter, the fii'st . 
supporting member 14 is moved downward so that the substrates 1 
are transfened flom the flrst supporting member 14 to the second 
supporting mtember 15(refcr to Fig. 11). Dmiug the transfening 
operation of the substraies 1, the relative position of the substrates 
1 with respect to the processing vessel 2 is mainlained tD he a 
constant position. Therefore, the relative speed of the substrates 1 
with respect to the liquid face of the cleaning fluid is maintained to 
be a constant speed so that the substrates 1 are dried uniformly. 

Supplying of the drying fluid and exhausting of the cleanin g 
fluid are carried out thereafter, so that the remaining portion of the 
substrates 1 and the first supporting member 14 ai'e diied. 

After the cxhaustiiig of the cleaning fluid has finished, no 
cleaning fluid remains on the contacted section of the substrates 1 



to the first supporting member 14 and the second supyurting 
member 15. llierefore, The drying fluid is exhausted from the 
interior of the processing vessel 2 and the outer vessel 13 by 
supplying the nitiugen ga^: Through the cover body of the outer 
vessel 13 so that the drying processing of the substrates 1 is 
finished. As a result, ai>agc quanrtTy of the nitrogen gas can be 
decreased, and the entire processing time can be shortened. 

When tbe di'ying processing hj^s finished by perfonning the 
above operation, the dried substrates 1 can be taken out fi-oni die 
processing vessel 2 by opening the outer vessel 13 and by moving 
The first supporting member 14 upward. 

When the substiaLeb 1 are tran55feTxed in such maimer, drying 
of tibte substrates 1 is finished by 4-^-5 minutes. 

Specifically, when the semiconductor wafer is employed as 
the substrate 1, IPA is employed as the diyiiig fluid, the flowing 
quantity of the drying fluid is determined to be A cc/min, pure 
water is employed as the processing fluid, niliugen is employed as 
the inert gas, the flowing quantity of the inert gas is determined to 
be 20 liter/min, the drying nozzle 6d made of PEEK is employed, a 
number of the diying noz7le<3 6d is determined to be 2. the 
diameter of the drying fluid blowing hole formed iti die drying 
fluid nozzle 6d is deteiinined to be 0.2 mm, the length of the 
diying fluid blowing hole (thickness of the wall member of the 
dicing fluid nozzle 6d) is delennined to be 1 mm, a number of the 
drying fluid blowiug holes is deterauned to be 51 (corresponding 
to the 50 substrates !)• a vertical position of the drying fluid 
nuzzle 6(\ is determined to be a position which is above the upper 
face of the substrate by 100 nun, a horizonra.l positions of the 
drying fluid nozzle 6d is determined to be a positions each position 
being apart from the center of the subislrates 1 by 75 mm, the 
eAhausting speed of the processing fluid is determined to be 2 
mm/sec, and when the semiconductor wafers are dried by 
tiauiifeiring rhe semiconductor wafers, the required time for drying 
was 4 minutes. Ftirthcr, in this specific eAumple, diameter of the 
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liquid drop was about 190 m, the thickness of the liquid layer of 
the drying fluid was 50{j,m which is an average within the entire 
dipping boundary face (the liquid layer is thick at tihe position 
which is directly under the .drying fluid nozzle 6d, while the liquid 
layer is thin at the position which is near the edge of the substrates), 
and the blowing speed was 208 m/sec. 

Fig. 12 is a schematic diagram of a main portion of a 
substrate processing apparatt^ of a further example. 

This substrate processing apparatus is different from the 
above substrate processing apparatos in that the substrates 1 are 
supported under an inclined condition by a predetennined angle 
with respect to the vertical face instead the substrates 1 being 
supported under a vertical condition, and that the drying fluid 
nozzle 6d is inclined so as to blow the liquid drops 12 of the drying 
fluid to suit the inclination of the substrates 1. Whereia the 
inclination angle is sufficient to be greater than 0° and equal to or , 
less than 30° . The incBnation angle is preferable to be equal to or 
greater liian 3° and equal to or less than 5" . 

When this example is employed, drying of the substrates 1 
which have already formed a pattern on one surface is carried out 
rapidly and uniformly. Further, disadvantages are prevented from 
occurrence such that the cleaning fluid within the inner section of 
the pattern is difficult to be exhausted, that the drying fluid is 
difficult to be supplied to the dipping boundary face, and that the 
cleaning fluid exhausted from the pattern drops onto the 
nei^boring substrate. 

Description is made in more detail. 

When the pattern is formed on one surface of each substrate 1, 
it is sufficient that each substrate 1 is inclined so as to be the 
pattern formed face becomes a downward look. Under this 
condition, the concave section la formed following the formation 
of the pattKn becomes a downward look to some degree, as is 
illustrates in Fig. 13, so that exhausting of the processing fluid 1 1 
is smoothly performed from at least a partial part of the concave 
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section la which is positioned above the liquid face of the 
processing fluid U which gradually descends. As a result, the 
quantity of the processing fluid 1 1 remaining within the concave 
section la is greatly reduced, so that drying of the surface of the 
substrates 1 following the forming of the liquid of the drying fluid 
is realized more satisfactorily. 

Fig, 14 is a schematic diagram illtKtrating substrate 
processing apparatus of a further example. 

This substrate processing apparatus is different &om the 
above example only in that the drying fluid supplying section 6 has 
a different arrangement 

The drying fluid supplying section of this example has a pair 
of drying fluid tanks 6al and 6a2, a first and second 
communication pipes 6bl and 6b2 for communicating each drying 
fluid tank 6al or 6a2 and the drying fluid nozzle 6d, open and 
close valves 6cl and 6c2 each provided at a predetermined position 
of each communication pipe 6b 1 or 6b2, a first circulation pipe 6k 
for communicating predetermined positions of both 
communication pipes 6b 1 and 6b2 which predetermined positions 
are upstream side with respect to the open and close valves 6c 1 and 
6c2, an open and close valve 6f jMrovided at a predetenmned 
position of the first circulation pipe 6k, a second circulation pipe . 
6g for communicating both drying fl^uid tanks 6al and 6a2, and an 
open and close valve 6h provided at a predetermined position of 
the second circulation pipe 6g. Further, the reference numeral 61 
represents an inert gas supplying pipe for supplying inert gas to the 
drying fluid nozzle 6d, reference numerals 6ji and 6j2 represent 
relief valves each provided at each drying fluid tank 6al or 6a2, 
reference numerals 6ml and 6m2 represent inert gas supplying 
pipes for supplying inert gas to each drying fluid tanks 6al or 6a2, 
and reference numerals 6nl and 6n2 represent open and close 
valves each provided at a predetennined position of each inert gas 
supplying pipe 6ml or 6ni2. Further, the open and close valves 
6c 1 and 6c2 have flowing quantity adjusting function. 
Furthermore, the drying fluid tank 6al is determined to be a main 
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taiilc while tlie drying fluid tank 6a2 is detennined to be a reserve 
tank. 

When this example is employed, a condition for blowing the 
Hquid drops 12 of the drying fluid and a condition for circulating 
the drying fluid can be sel^ted by the following manner. 

(1) When blowing operation is carried out for blowing the 
liquid drops of the drying fluid: 

When this operation is earned out, the open and close valves 
6nl, 6cl, 6c2 and 6j2 are opened by the control section, while the 
open and close valves 6f, 6n2, 6h and 6jl are closed by the control 
section. 

Under this condition, the inert gas is supplied to the drying 
fluid tank 6al through the inert gas supplying pipe 6ml so that the 
drying fluid is transferred by pressure to ie drying fluid nozzle 6d 
through the first communication pipe 6bl. The drying fluid nozzle 
6d is supplied inert gas through the inert gas supplying pipe 6i. 
Therefore, the drying fluid and the mert gas are blown together 
from the drying fluid nozzle 6d, consequently the drying fluid is 
blown as Hquid drops 12 (refer to solid arrows in Fig. 14). 

(2) When blowing operation is not carried out 

When this operation is carried out, the open and close valves 
6f, 6jl and 6j2 are opened by the control section, while the open 
and close valves 6cl, 6c2, 6h, 6nl and 6n2 are closed by the 
control section. 

Under this condition, the communication between both 
drying fluid tanks 6al and 6a2 and' the drying fluid nozzle 6d is 
intercepted, while the communication between both drying fluid 
tanks 6al and 6a2 is maintained. Therefore, the drying fluid 
within the drying fluid tank 6al is moved to the drying fluid tank 
6a2 when the interior of the drying fluid tank 6al has a higher 
pressure (refer to dashed arrows in Fig. 14), Under this condition, 
the drying fluid is not consumed so tiiat the consumption quantity 
of the drying fluid is reduced and that the running cost is reduced. 

(3) When the drying fluid is moved from the drying fluid 
tank 6a2 to the drying fluid tank 6al: 
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When this operation is earned out, the open and close valves 
6h, 6jl and 6n2 are opened by the control section, while the op^ 
and close valves 6c 1, 6c2, 6f, 6j2 and 6nl arc closed by the control 
section. 

Under tiiis conditibn^ both drying fhud tanks 6al and 6a2 are 
communicated by only the second conamunication pipe 6g, while 
the inert gas is supplied to only the drying fluid tank 6a2. 
Therefore, the drying fluid within the drying fluid tank 6a2 is 
moved to the drying fluid tank 6al. 

Further, during the drying fluid being circulated, the inert gas is 
supplied to the drying fluid tank 6a through the second 
commtmication pipe 6b2. Therefore, the pressure within the 
circulation passage is determined to be higher than the exterior 
pressure, so that particles are prevented from intruding from the 
exterior (refer to dashed arrows in Fig. 11). 

Industrial Applicability 

This invention is applicable to the usage for drying the 
surface of substrates such as semiconductor wafers, and realizes 
rapid and unifoimly drying. 
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What Is Claimed Is: 

1 . A method for drying substrate is a method which houses 
substrates within a processing vessel, and dries a surface of each 
substrate by relatively lowering a fluid face of cleaning fluid 
within a processing vessel with respect to the substrate and by 
introducing the cleaning fluid within the processing vessel, the 
method con^rising the steps of > 

Introducing drymg fluid under a liquid condition within the 
processing vessel, and 

Forming liquid drops of drying fluid and supplying the hquid 
drops onto the fluid face of the cleaning fluid using a nozzle. 

2. A method for drying substrate as set forth in claim 1 , 
wherein the method houses the substrates within the processing 
vessel in an inclined condition by a predetermined angle, and 
supplies the liquid drops of drying fluid using the nozzle in a 
direction which is the same direction of the inclined substrates. 

3. A method for drying substrate as set forth in claim 1 or 
claim 2, wherein the method determines an introduction direction 
of the drying fluid into the processing vessel and determines an 
introduction initial speed of the drying fluid so as to expand the 
drying fluid up to the entire width of the substrates on the fluid 
surface of the cleaning fluid. 

4. A method for drying substrate as set forth m one of claims 
1 to 3, wherein the method supplies inert gas into the processing 
vessel following exhausting of the cleaning fluid from the 
processing vessel. 

5. A method for drying substrate as set forth in claim 4, the 
method increases the supplying quantity of the drying fluid and/or 
the inert gas into the processing vessel following exhausting of the 
cleaning fluid from the processing vessel. 

6. A method for drying substrate as set forth in one of claims 
1 to 4, wherein the method changes supporting position of the 
substrates following exhausting of the cleaning fluid from the 
processing vessel. 
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7. A method for drying substrate as set forth in claim 4 or 
claim 5, wherein the method makes the interior of the processing 
vessel to be inert gas environment prior to exhausting of the 
cleaning fluid from the jjrocessing vessel. 

8. A method for diymg substrate as set forth in one of claims 
1 to 7, wherein the method carries out the cleaning process and the 
following drying processing under a room temperature. 

9. A method for drying substrate as set forth in one of claims 
1 to 8, wherein the method flows the drying fluid by the pressure 
of inert gas which is supplied to the nozzle. 

10. A device for drying substrate is a device which supports 
substrates within a processing vessel by supporting means, and 
dries a surface of each substrate by relatively lowering a fluid face 
of cleaning fluid within a processing vessel with respect to the 
substrate and by introducing the cleaning fluid within the 
processing vessel, the device comprising. 

Drying fluid supplying means for introducing drying fluid 
under a liquid condition within the processing vessel, for forming 
liquid drops of drying fluid using a nozzle, and for supplying the 
liquid drops of drying fluid onto the fluid face of the cleaning fluid 
using a nozzle. 

1 1 . A device for drying substrate as set forth in claim 10, 
wherein the supporting means is the means for supporting the 
substrates within the processing vessel in an inclined condition by 
a predetermined angle, and the no:^zle is a nozzle for supplying the 
liquid drops of drying fluid using the nozzle in a direction which is 
the same direction of the inclined substrates. 

12. A device for drying substrate as set forth in claim 10 or 
claim 11, wherein the drying fluid supplying means is a means for 
deterniimiig an intxoducticn direction of the drying fluid into the 
processing vessel and dstermines an introduction initial speed of 
the drying fluid so as to expand the drying fluid up to the entire 
width of the substrates on the fluid surface of the cleaning fluid. 

13. A device for drying substrate as set forth in one of claims 
10 to 12, further comprising inert gas supplying means for 
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supplying inert gas into the processing vessel following exhausting 
of the cleaning fluid from the processing vessel. 

14. A device for dxying substrate as set forth in claim 13, 
further comprising supplying quantity control means for increasing 
the supplying quantity of the drying fluid and/or the inert gas into 
the processing vessel following exhausting of the cleaning fluid 
from the processing vessel. 

15. A device for drying substrate as set forth in one of 
claims 10 to 14, wherein the supporting means is a means having a 
cleaning fluid introduction groove which follows in lower ward 
direction with respect to the substrate supporting section. 

16. A device for drying substrate as set forth in one of claims 
10 to 15, wherein the supporting means is a pair of supporting 
means for selectively supporting different positions of the 
substrates which positions are different from one another, and 
further comprising supporting position control means for changing 
the supporting position of the substrates by the supporting means 
following exhausting of the cleaning fluid from the processing 
vessel. 

17. A device for drying substrate as set forth in claim 13 or 
claim 14, further comprising environment determination means for 
making the mterior of the processing vessel to be inert gas 
environment prior to exhausting of the cleaning fluid from the 
processing vessel. 

18. A device for drying substrate as set forth in one of claims 
10 to 13, and claims 15 to 17, further comprises nozzle position 
control means for moving the nozzle towards the substrates 
following exhaustuig of the cleaning fluid from the processing 
vessel. 

19. A device for drying substrate as set forth in one of claims 
10 to 18, further comprising circulation means for circulating the 
drying fluid when ejection is not earned out. 

20. A device for drying substrate as set forth m one of claims 
10 to 19, wherein a number of nozzles is determined in response to 
response to the size of the substrate and the pitch of the substrates. 
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21 . A device for drying substrate as set forth in claims 10 to 

20, wherein the nozzle has drying fluid ejection holes a number of 
which is greater than the number of the substrates by 1 which 
substrates are dried simultaneously. 

22. A device for drying substrate as set forth in claims 10 to 

21, further comprising inert gas supplying means for supplying 
inert gas to the nozzle so as to flow the drying fluid by the pressure 
of inert gas. 
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